INTRODUCTION
the amount of dietary unsaturated fatty acids (Griinari et al., 1996) , and that CLA concentration was correlated to the dietary level of oil or oilseed (Bateman and Jenkins, 1998; Wang and Song, 2001; Duckett et al., 2002) .
In the ruminant, however, full-fat soybean, a high dietary plant oil source, has a negative effect on rumen microbial growth (Jenkins, 1993) . Furthermore, the TVA induced by USFA effectively inhibited fatty acid synthesis in the mammary tissue (Gaynor et al., 1994) . To overcome these problems, heat treatment of the diet has been conducted. Several studies reported that the processing of oilseed supplements could influence the degree and extent of bio-hydrogenation (Murphy et al., 1995) , and thus caused a more efficient increase in the CLA content of milk fat compared with supplementation trials without processing of an oilseed diet containing linoleic acid-rich oil (Dhiman et al., 1999; Chouinard et al., 2001) . In these previous studies, however, the method of processing oil supplements decreased milk fat percentage when cows were fed a heattreated diet with corn silage as the predominant dietary source (Block et al., 1981; Van Dijk et al., 1983; Guillaume et al., 1991) .
In the present study, the experimental diet was obtained by a high-temperature-micro-time (HTMT) processing method, which increases bound fat content in the diet. This treatment was thought to decrease the releasing rate of the lipid from bound fat, and an increase in CLA production in the rumen without negative impacts on rumen fermentation. Therefore, it could be hypothesized that HTMT treatment may improve milk production without depression of milk fat.
Thus the objectives of the present study were i) to determine the effect of HTMT-treated diets containing ESB on milk fat production and milk fatty acid profiles, especially CLA and TVA, and ii) to examine lipid-related metabolic changes when cows were fed HTMT-ESB.
MATERIALS AND METHODS

Animals and diets
Twenty-one multiparous Holstein cows (653.4±22.25 kg) in mid-lactation were blocked according to milk yield in the previous lactation. Cows within each block were randomly assigned to either normal concentrate or HTMT-ESB concentrate, treatment 1 with 7.5% ESB supplementation and treatment 2 with 15% ESB supplementation. The ESB contained 18% fat, consisting of 51% of C18:2 in total fatty acids, and were of interest as a source of protein and energy in the ration of high yielding dairy cows. In the present study, the 7.5% and 15% of ESB was supplemented to feed concentrates in treatments 1 and 2, respectively. Although the concentrate used in treatment 1 contained higher rapeseed meal and tallow -5.82% and 1.95%, respectively, for treatment 1, while 0.8% and 0%, respectively, for treatment 2. There was no significant difference in ether extract content between the two treatments (Tables 1 and 2) . Concentration of C 18:2 (linoleic acid), C 18:3 (linolenic acid) and USFA in experimental diets was 1.93 and 2.53; 0.18 and 0.27; 3.71 and 4.50 g/100 g fat for treatments 1 and 2, respectively. Concentrations of linoleic acid were higher than the control (1.32, 0.08, and 2.92 g/100 g fat). The composition of C 18 -fatty acids in ESB, rapeseed and tallow are presented in Table 3 . Cows were fed diets containing corn silage as forage and concentrate in a 50:50 ratio that was formulated to meet the nutrient demand of cows according to NRC (1989) . All the test diets had similar CP content. Additional ESB increased the total ether extract content in diets of treatments 1 and 2 by approximately 1.4-1.7% unit compared with the control.
The HTMT treatment was conducted using a Universal Pellet Cooker (UPC, Wenger Manufacturing, Inc., Sabetha, KS, USA) at 125-170°C for 3-4 seconds. Ingredients and chemical composition of experimental diets are shown in Table 1 and 2. Corn silage was used as a forage source. The dry matter (DM) percentage of corn silage (crude protein (CP): 1.81%/DM, ether extract (EE): 0.53%/DM, crude fiber (CF): 6.56%/DM, Ash: 1.47%/DM, Ca: 0.03%/DM, P: 0.05%/DM and total digestible nutrients (TDN): 11%/DM) and concentrate was determined weekly, and the total mixed diets were adjusted to maintain constant forage to concentrate ratio of 50:50 on a DM basis. The rations were fed twice daily at 0830 h and 1700 h.
The diets were formulated according to NRC (1989) guidelines for milk production at 30 kg/d with 3.8% of milk fat. Cows had free access to water and mineral block. Random grab samples of the concentrate were ground through a 1-mm screen for the analyses of DM, EE, CP, CF and TDN, using the AOAC (1984) method. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were analyzed by the method of Van Soest et al. (1970) and AOAC (1990) . The experimental period consisted of 10 weeks of which the first 7 days were used as an adjustment period. All animal-based procedures were in accordance with the "Guidelines for the Care and Use of Experimental Animals of Seoul National University", formulated from the "Declaration of Helsinki and Guiding Principles in the Care and Use of Animals."
Sampling and analysis of milk
Feed intake and milk yield were recorded daily. Milk samples were collected from three consecutive morning and afternoon milkings during the final 7 days of the experiment. Milk samples were preserved with bronopol-B2 and stored at 4°C until further analysis. Preserved milk samples were analyzed for fat, protein, lactose and solid non-fat content by infrared-aided procedures with a Milkscan-133B, using a B filter. Weighed composite milk samples from morning and afternoon milking were analyzed for fatty acid composition, including CLA, using the following procedures after fat was extracted using the method of Folch et al. (1957) . Methylation of fatty acids followed the method of Lepage and Roy (1986) prior to the GC analysis. A fused silica capillary column (100 m×0.25 mm, i.d., 0.20 μm thickness, SPTM-2560, Supelco) was used. The initial column temperature was 175°C held for 30 minutes, and then increased by 15°C/min to 220°C held for 40 minutes. Ultra pure helium was used as a carrier gas. Fatty acids were identified by comparing the retention times with methylated fatty acid standards including CLA (Sigma Chemical Co., St. Louis, MO). The reported CLA isomer was the total isomers. The percentage of each fatty acid was calculated by dividing the area under the fatty acid peak by the sum of the areas under the total reported fatty acid peaks.
Sampling and analysis of blood
Blood samples of 20 ml were taken from the jugular vein at 1 h before the morning feeding at 0800 h on day 70 for the analysis of plasma triglyceride (TG), non-esterified fatty acid (NEFA), LDL-cholesterol, HDL-cholesterol, insulin, growth hormone (GH), and insulin-like growth factor (IGF)-1. Blood was collected into evacuated test tubes (Vacutainer; Becton Dickinson Vacutainer Systems, Rutherford, NJ, USA) containing sodium heparin. The collected blood was centrifuged, and plasma was stored at -70°C until used for assay.
Plasma NEFA and plasma glucose were, respectively, measured by the acyl-CoA synthase acyl-CoA oxidase method (NEFA-C, Wako Chemical, Japan) and the glucose oxidase method (Glucose CII-test Wako Chemical, Japan), using commercial kits. TG, HDL-cholesterol and LDLcholesterol were measured by the Homogeneous Enzymatic Colorimetric Method using TG-C plus, HDL-C plus, and LDL-C plus kits (Roche, USA).
Plasma insulin was measured by sandwich enzyme immunoassay using a commercial kit (Elisa Auto Insulin, International Reagents Cooperation, Japan). Plasma GH and IGF-1 were assayed by radioimmunoassay (RIA) as previously described by Lee et al. (2000) . Briefly, plasma GH was assayed by a double antibody method using bovine anti serum (USDA-anti-bGH, lot AFPB55) and bovine GH (USDA-bGH, lot AFP-11182) was used for GH standard and iodinated by the chloramine T method. The sensitivity was 0.43 ng/ml, and the inter-and intra-assay coefficients of variation (CV) were less than 12.5% and 8.5%, respectively. Plasma IGF-1 was measured by double antibody RIA utilizing NHPP anti-human-IGF-1 (AFP4892898), standard hIGF-1 (Amersham, lot # 30), and labeled 125 I-IGF-1 (Amersham, code IM172). Before the RIA, plasma samples were extracted according to the method of Daughaday et al. (1980) . Sensitivity of the IGF-1 assay was 0.82 ng/ml, and the CV of inter-and intra-assay was 11.3 ng/ml and 6.2 ng/ml, respectively. Plasma T3 and T4 were measured by RIA utilizing RIA-mat-T3 and RIAmat-T4 kits (Sangtec, USA).
Statistical analysis
Data from the feeding study were subjected to least squares analysis of variance (ANOVA) according to the general linear models procedure of SAS (1985) . All data were presented as means±SEM. Differences between treatment groups were analyzed by Duncan`s multiple range test (Duncan, 1955) . Differences were considered significant at p<0.05.
RESULTS AND DISCUSSION
Milk yield, milk composition, and DMI
Daily DMI, and the parameters of milk quality such as fat, protein, lactose, and SNF were similar across the treatments (Table 4 ). The present results were similar to Table 3 . C18-fatty acid composition of major lipid sources in experimental diets
Fatty acids
Extruded soybean Rapeseed Tallow ---------------g/100 g of Total fatty acid -------------C18: those of others who reported that high oil supplementation did not affect dairy characteristics and DMI (Spahr et al., 1975; Atwell et al., 1988; LaCount et al., 1995; Chouinard et al., 1998; Dhiman et al., 1999 ). An increase in dietary fat content of 1.4-1.7% was probably not sufficient to change milk yield, milk composition and DMI. However, Block et al. (1981) reported that heating of oil produced reducing agents that were capable of capturing hydrogen ions and possibly inhibited methanogenesis in the rumen. Reduced methanogenesis spares other hydrogen ions for the production of propionate, which could lead to milk fat depression. Our heating time of 0.3 seconds was very short and extrusion temperatures within the range of 125°C to 170°C were lower than the temperatures used in previous studies that had reported milk fat depression, e.g., 155°C (Block et al., 1981) and 149°C (Guillaume et al., 1991) . In our previous study, as the diets containing ESB were treated by HTMT processing, 40.4% of dietary fat (2.12% out of 5.23% total fat) was found in bound form, quantified by determining the difference between the acid hydrolysis method and the ether extract method for the fat analysis. By comparison, in the non-HTMT diet, there was 30.4% dietary fat (1.32% out of 4.39% total fat) in bound form (data not shown). Therefore, the HTMT treatment used in our experiment might have prevented the formation of such reducing agents responsible for the decrease in milk fat and yields.
Fatty acid composition of milk
Supplementation of HTMT treated diets containing 7.5% or 15% of ESB significantly increased the content of milk cis-9, trans-11 CLA content (i.e., 0.27, 0.55, 0.56 from control, 7.5% ESB, and 15% ESB supplemented diet, respectively) and tended to increase the trans-vaccenic acid formation ( Table 5 ). The cis-9, trans-11 -CLA was initially identified by Kepler et al. (1966) as being an intermediate agent in the bio-hydrogenation of linoleic acid by the rumen bacterium, Butyrivibrio fibrisolvens. Increases in CLA content in milk (Kelly et al., 1998; Mir et al., 1999) have been observed when oil sources which were high in C18:2 were supplemented. It was also indicated that an increase in linoleic acid intake was one of the feeding strategies to enrich CLA in ruminant fats since linoleic acid is the main precursor of CLA (Bessa et al., 2000; Kim et al., 2003) . However, the CLA was an intermediate product in the biohydrogenation pathway, so the initial isomerization is followed by the saturation of the cis-9 double bond rapidly through the reductase resulting in trans-vaccenic acid. Kim et al. (2000) and Wang et al. (2002; suggested that rumen bacteria produced greater amounts of cis-9, trans11-CLA in vitro only when the concentration of linoleic acid was high enough to inhibit bacterial growth. In addition the endogenous synthesis of cis-9, trans-11 CLA from transvaccenic acid (trans-11 C18:1) in the mammary gland has been proposed as being the major pathway of CLA synthesis in the ruminants (Griinari et al., 2000) .
In the present study, supplementation of ESB at two levels resulted only in approximately a 1.5-percentage increase in total lipid in the experimental diets (Table 2) . The total lipid content was 4.31 and 4.56% for treatment 1 and 2, respectively. The amount of lipid supplementation was far lower than that of previous studies, e.g., 7% (Bell and Kennelly, 2000) and 6% (Ivan et al., 2001) . Thus, we may hypothesize that the increased CLA proportion in our experiment was caused mainly by HTMT processing of concentrate containing ESB supplementation. In the HTMT treatment of the experimental diets, the free lipid fraction could be converted to bound-fat with starch. In addition, the heat treatment of ESB produces low degradable protein through the Maillard reaction (Ljøkjel et al., 2000) . Therefore, it may slowly release the lipid, and cause an increase in CLA production in the rumen without a negative effect of dietary fat on ruminal fermentation. Additionally, the relatively high concentration of trans-vaccenic acid in milk fat could be responsible for the decrease in the proportion of short-and medium-chain fatty acid. As expected, milk fat was not significantly altered across the treatment possibly due to similar trans-C18:1 fatty acid content. It is fascinating that CLA supplements in our trials did not induce milk fat depression, since it is well established that trans-C18:1 fatty acid can inhibit fatty acid synthesis in mammary tissue (Gaynor et al., 1994) .
Metabolites and hormones
Supplementation of HTMT-treated diets containing 7.5% or 15% of ESB significantly decreased the concentration of plasma insulin and glucose at p<0.05 (Tables 6 and 7) . In contrast, plasma TG, NEFA and HDLcholesterol were increased in 7.5% and 15% ESB treatment groups (Table 7) . However, no difference was observed in plasma LDL-cholesterol, IGF-1, T3, T4, and leptin concentrations across treatments.
The metabolic effects in blood of dairy cows seemed to be associated with dietary fat supplementation. In this study, the concentration of plasma insulin and glucose was decreased by 7.5% ESB and 15% ESB, respectively. The intake of polyunsaturated plant oils has been reported to decrease basal serum insulin concentration in dairy cows fed at the same energy level (Grum et al., 1996) . Gaynor et al. (1995) reported that the percentage of glucose and insulin typically increased as the percentage of concentrate in the diet of lactating dairy cows was increased. Increased responses in the plasma lipid fraction (NEFA, TG, HDLcholesterol) with dietary unsaturated oils were consistent with previous results (Grum et al., 1996; Loor et al., 2002 Loor et al., , 2005 . The increased NEFA and TG may result from incomplete uptake of NEFA by peripheral tissues after hydrolysis of triglyceride in chylomicrons or very lowdensity lipoproteins by lipoprotein lipase (Grummer et al., 1991; Chilliard, 1993) . The increased concentration of HDL-C in plasma may have been due to the increase in dietary USFA.
IGF-1 and GH are closely related to the regulation of mammalian epithelial cell proliferation and differentiation (Plath-Gabler et al., 2001) . IGF-1, which is derived mainly from the liver and GH-dependent (Breier et al., 1988; Bass et al., 1991) , acts as a mediator of mammogenesis and regulates the yield and components of milk in mammary epithelial cells (Breier and Sauerwein, 1995; Plath-Gabler et al., 2001) . However, in the present study, the IGF-1 levels were not affected by ESB supplementation, although the concentration of plasma GH increased in ESB groups (Table 7) . Moreover, an increased GH did not affect the yield of milk and its components ( Table 4 ). The endogenous GH/IGF-1 axis is affected by energy and protein supply in steers (Ronge et al., 1988; Lee et al., 2000 Lee et al., , 2005 . Furthermore, the rate of production of IGF-1 was shown to be influenced by the concentration and affinity of hepatic GH receptors in steers (Breier et al., 1988) and sheep (Bass et al., 1991) . The number of hepatic binding sites for bovine GH were greatly affected by nutrition levels in hepatic tissues of cows during mid-lactation (Newbold et al., 1997) . Indeed, a significant correlation was found between plasma concentrations of IGF-1 and the capacity of the highaffinity somatotrophic binding sites (Breier et al., 1988) . In addition, thyroid hormones regulate liver IGF-1 production and previous in vitro and in vivo studies showed that thyroid hormones potentiate hepatic IGF-1 synthesis in response to GH (Tollet et al., 1990; Wolf et al., 1989) . On the other hand, Grum et al. (1996) reported that the concentrations of T3 and T4 tended to increase when fat was fed in dairy cow. However, we did not observe similar trends in our experiment (Table 7) . Besides, plasma leptin levels depend upon the energy uptake in cattle (Tsuchiya et al., 1998; Amstalden et al., 2000) , and leptin regulates GH secretion in sheep (Roh et al., 1998) . However the present results did not show a significant difference among these treatments.
CONCLUSION
In conclusion, the CLA content in milk could be enhanced by dietary HTMT treatment without any adverse effects on milk yield and composition. In addition, the unchanged milk fat composition and milk yield may be associated with a constant level of IGF-1 and thyroid hormone responses to increased endogenous GH by the HTMT-treated diets, because these hormones act as mediators of mammogenesis, and regulate the yield of milk and its components in mammary epithelial cells.
